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ABSTRACT 
Using mini pigs as experimental animals, histochemical and biochem ica l changes in gly-
cogen metabolism fo llowing UV light irradiation were investigated. The most remarkable 
change observed in the first 4 hours post irrad iation was a decrease in the glycogen concen-
t rat ion. This decrease might be due to the re lease of lysosomal a-glucosidase. 
After the first 4 hours there was a sharp increase in the percent of glycogen synthetase 
present in the l-form (peak at 10 hours) and in the rate of glycogen formation . This was fo l-
lowed by a peak of glycogen concentration at approximately 15 hours after irrad iation. 
It is a well known fact that an increase in glyco-
gen con tent in the human epidermis can be in-
duced by ultraviolet light irradiation (1, 2). In our 
previous study (2), we could not find any cons ist-
ent change in the total activit ies of glycogen syn-
thetase and or phosphorylase (the two key en-
zymes in glycogen metabolism) which would cor-
relate with the changes in glycogen concentra-
tions. 
Better methods and more in formation on glyco-
gen metabolism in the epidermis are now avail -
able (3, 4, 5), and we have therefore repeated 
t hese studies using mini pigs as experimental 
animals. 
MATERIALS AND METHODS 
Materials. C "UDP Glucose (227 mC/ mmole, 0.025 
mg/0.5 ml 70% ethanol) and D-Glucose-C" (U) (5 
mC/ mmole, 36 mg/10 ml 90% ethanol) were obtained 
from New E ngland Nuclear, Boston, Mass. C "UDP 
Glucose was diluted 1: 10 with redistilled water. 150 Ill 
of the C" Glucose (equivalent to 3.0 !lm of glucose) so-
lut ion was transfered to each small t issue cul ture vial 
and was lyophi li zed. The via ls contain ing the lyophi-
lized C" Glucose were kept frozen at - 4 o C until use. 
Glycogen (shell fish), Sodium glucose-6-phosphate (Glc-
6-P), Sodium uridine diphospho-glucose (UDPG), Aden-
osine-3 , 5-monophosphoric acid (cyclic AMP) , Theo-
phylline, and p-Nitrophenyl-a-D-glucoside (PNP-a-D-
glucoside) were purchased from Sigma Co., St. Louis, 
Mo. The glycogen was purified by repeated precipita-
t ions in alcohol. After being dried , it was dissolved in 
redisti lled water to make an 8% solu t ion. The Glc -6-P 
was dissolved in red isti lled water to make a 0.1 M solu -
tion and the pH was adjusted to 8.0 with NaOH. The 
cyclic AMP and theophylline were dissolved in red is-
t illed water to make 6.6 mM and 0.1 M solutions re-
spectively. PNP-a-D-glu coside was dissolved in 0.2 M 
acetate pH 4.5 buffer to make a 60 mM solut ion. Aden-
osine-5-monophosphate (AMP), Sod iu m adenos ine-5-
triphosphate (ATP), Sod ium nicot inamide-adenine di-
nucleot ide phosphate (N ADP), P hosphoglucomutase 
from rabbit skeletal muscle (approx : 18 I.U./ml) , a nd 
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Glu cose-6-phosphate dehydrogenase from yeast (200 
I.U./ml) were obtained from Calbiochem, San Diego, 
Calif. AMP a nd ATP were dissolved in 50 mM Tris HCl 
(pH 7.8) buffer to ma ke 0.1 M solu t ions and their pH's 
were adjusted to 7.0. NADP was dissolved to make a 10 
mM solution. Phosphoglucomutase and glucose-6-phos-
phate dehydrogenase were used as received . a-glucosi-
dase containing a small amount of a mylase was a kind 
gift from Dr. F. Huijing a nd a 50 llg/m l solution was 
made in 0.1 M acetate pH 4.8 buffer. Tissue culture 
media 199 with Hanks Balanced Sa lt Solu tion was ob-
ta ined from North American Biologicals, Inc., North 
Miami, Fla. A Burdick Model UV-800 was used as a 
source of ultraviolet radiation. Surgex , ha ir remover 
cream, was obtained from CIBA Co., Summit, N. J. 
Keta lar' (Ketam ine hydrochloride) , 50 mg per ml, was a 
product of Parke-Davis, Det roit, Mich . Whi te female 
mini pigs, each w'eighing a pproximate ly 25 pounds, were 
obtained from Vita Vet Labs. , Ma rion, Indiana. 
Preparation of pigs. Hairs were removed from the 
backs of the mini pigs with Surgex® 24 hours prior to 
the experiments. 25 mg of Keta la r® per kg was given 
intramuscularly 30 minutes before the irrad iation. 
Collection and preparation of the specim en. A hot 
quartz lamp was set 30 inches above the prepared skin 
surface and irradiated for 3 minutes (4 to 6 t imes the 
minimal ' erythema dose). Keratome slices containing 
approximately 85% epidermis and 15% dermis were 
removed with a motor driven Castroviejo keratome set 
at 0.2 mm thickness. Samples were obtained before the 
irradiation a nd at various in tervals thereafter. 3 mm 
punch biopsy specimens were also coll ected from the 
adjacent areas for histochemical staining for glycogen. 
The keratome slices were cut in half. One half was 
frozen with dry ice within 5 seconds after the removal 
and stored for later (with in 2 hours) use for the mea · 
urements of glycogen syn thetase, phosphorylase and 
glycogen. T he remaining half was used immediately for 
studies on the incorporation of labeled glucose in to gly-
cogen . 
5% homogenates were made from the frozen slices in 
50 mM T ris HCl, pH 7.2 buffer containing 5 mM EDTA 
in a prechill ed glass homogenizer. The homogena tes 
were centrifuged at 700 x g for 20 minutes in a refriger-
ated In ternational Centri fuge. The supernatan ts ob-
ta ined were used for the measurements of glycogen syn-
thetase a nd phosphorylase (3, 5) and for the measure· 
ments of glycogen (6) and protein (7). 
The glucose incorporation study. To 3.0 1"111 of lyo· 
philized C" glucose 3.0 ml of media 199 (equivalent to 
16.7 !liDole of glucose) containing 5,000 un it 
penici llin /m l and 5,000 un its streptomycin/ml were 
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added . The final glucose concentration in the media was 
6 .57 mM (ll8 mg%). One ha lf of each keratome slice 
weighing a pproximately 30 mg was fl oated on media 199 
epidermis s ide up for 60 minutes at 30° C under 95% 
oxygen and 5% CO, tensions . At the end of the incuba-
tion, the slices were blotted with t issue pa pers to re-
move excess fluid a nd 5% homogenates were made with 
50 mM Tris HCl, pH 7.2 buffer conta ining 5 mM 
E DTA. The homogenates were centrifuged at 700 x g 
fo r 20 minutes in a refrigerated cent rifuge a nd the su-
pernatants were recovered. 100 11 l of each supernatant 
was spotted on fi lter papers a nd they were washed sev-
eral t imes with 66% alcohol as in the case of glycogen 
synthetase assay (3). By these washings, glycogen was 
prec ipitated on the filter pa pers and at the same ti me 
non- incorporated excess C" glucose was washed off. 
T he fil ter papers were then dried under a hot qua rtz 
lamp an d the radioact ivities were counted as described 
in the case of the glycogen synthetase determina t ions 
(3). Boi led tissue cont rols and the 0 t ime incubat ion 
s pecimens were a lso prepared. 
The assay method for a-glucosidase. a-glucosidase 
activit ies were measured according to Bessey , et al. (8) . 
F resh keratome sli ces were homogenized gen t ly with 
0.25 M sucrose in a prechilled glass homogeni zer to 
make 5% homogenates. T he homogenates were centr i-
fuged at 700 x g for 20 minutes in a refr igerated In te r-
national Centrifuge. The 700 x g supernata nts obta ined 
were further centrifuged at 50,000 x g for 60 minutes in 
a refrigerated Interna tion11- l Cent rifuge. T he superna-
tants were recovered carefully with micro-pipettes and 
the precipi tates were suspended with 300 11l of 0.25 M 
sucrose. These 50,000 x g supernatants a nd t he sus-
pended precipi tates were used for a-glucos idase deter-
minat ions. The reaction mixture consisting of 100 11l of 
PNP -a-glucoside solution, 100 1tl of the enzy me prepa-
rat ions and 300 11 l of redistilled water were incubated 
for 60 minutes at 37° C. At the end of incubation, the 
reactions were stopped by plac ing the reaction tubes in 
ice and 2.5 ml of 0.1 M glycine, pH 10.5 buffer was 
added to each react ion tube, thoroughly mixed a nd op-
tical density was read at 400 m11 . 
Histochemical dem onstration of glycogen. Histo-
chemical sta ining of glycogen was followed by the PAS -
McManus procedure controlled with a mylase. 
RES ULTS AND DISCUSSIO N 
Changes in the first 4 hours. The most rema rk-
ab le cha nge in t he fi rst 4 hours was the decrease 
in t he glycogen concentra tion . This decrease was 
noticed as ea rl y as approximately 3 minutes after 
the irradiation (whi ch is designated here as post 0 
ti me in the F igure a nd in Tab le 1) . T he glycogen 
concentration remained low for the next 4 hours 
(Table I). The decrease in the glycogen concentra-
tion during the first several hours post irradiation 
was noted prev iously by us in t he human ep i-
dermis (2) . 
A decrease 1n the glycogen concen tration of a 
t issue can be due to a n in crease in phosphorylase 
activity . An immed iate increase in phosphory l-
ase-a (active form) activities fo llowing tetanic 
stimulation was reported by Danforth , et al . in 
frog a nd mouse muscle (9 , 10). From our resul ts 
at 3 minutes, 1 hour and 2 hours afte r irradiation, 
it did not seem that phosphorylase activities were 
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FIG URE : Graphical illustrat ion of the metaboli c 
changes afte r UV irradiation. 100% indicates the pre-
irradiation va lues. 
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TABLE I 
GLYCOGEN CONTENT 
Case I Case II Case Ill 
44.3 24.0 36.0 
30. l 
19.0 
20.0 
20.0 
31.8 
23. 8 
21.2 
93. 0 
83. 3 
68. 4 
110.0 
%of Pre-0 
Content 
100 
68 
43 
45 
45 
132 
99 
88 
258 
231 
190 
306 
,ug of glycogen I mg prote1n 
Glycogen content was determined in 700 x g super-
natants accord ing to Huijing (6) with a slight modifica-
t ion (5). Glycogen con tents are expressed as Jig of gly-
cogen per mg of protei n . Post 0 designates approxi-
mately 3 minutes afte r the irrad iation. The numbers in 
the column of t he fa r left are the hours post irradiat ion. 
in creased; if a nyth ing, t hey were decreased 
(Figure and Table m. T o check t his further, kera-
tome s lices were co ll ected in short t ime in terva ls 
over 60 minutes a fter the irradiation. P hospho-
rylase activi t ies in these spec imens were assayed 
in t he absence and presence of 10 mM AMP. The 
resul ts a re shown in Table III. In agreement with 
our previous resul ts, t he total phosphorylase ac-
t ivities were s li ght ly decreased durin g these pe-
riods a nd there was no apprec iable change which 
would expla in the dec rease of t issue glycogen 
concent rations. 
Of interest a lso is the fact t hat all of t he meas-
urable phosphorylase activ ity was of t he phospho-
ylase-b type (i.e., it required AMP for activation) 
Another ex pla nat ion for t he low glycoge n 
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TABLE Il 
PHOSPHORYLASE ACTIVIT IES 
Case I Case II Case Ill o/p~~-0 
1 Pre- 6. 93 15. 31 5. 80 100 0 
Post- 5. 79 84 0 
1 5. 99 86 
2 4. 95 71 
5 4. 46 64 
7 8. 58 56 
10 5. 72 37 
15 4. 80 83 
19 5. 96 103 
24 7. 60 131 
Activities: nm per min. per mg protein 
Phosphorylase activ ities were assayed in the 700 x g 
supernatants by the method previously desc ribed (5} in 
the presence of JOmM AMP. The activities a re ex-
pressed as nmole of glucose-1-phosphate formed from 
glycogen per min. per mg protein at 30° C. 
TABLE III 
Phosphorylase Activities 
following U. V. Light irradiati on 
TIME 
Pre -irradiation 
Post - i r radiation 
0 
5 
10 
15 
30 
45 
60 
nm I min I mg Protein 
s AMP cAMP 
ni l 5. 63 
n il 
nil 
nil 
nil 
ni l 
nil 
nil 
3. 47 
4. 79 
4. 68 
5.85 
4.34 
4.30 
3. 42 
Phosphorylase activ ities were measured in the 700 x 
g supernatan ts as described previously (5) in the ab-
sence and presence of lOmM AMP. Activ ities a re ex-
pressed as nmole per minute per mg of protein . 0 time 
post irradiation ind icates immediate ly after the irradia-
tion. 
va lues would be a decrease in the active form of 
glycogen synthetase {1-form). During t he first 4 
hours after irradiation, neither total glycogen syn-
thetase nor the percent !-form showed any signifi-
cant drop (F igure and Table IV) . Also a decreased 
formation of glycogen during t he first few hours 
as being respo nsible for the decreased glycogen 
content is not supported by the rate of formation 
data which showed an increase (Figure and Table 
V). 
We consider other pathways for breaking down 
glycogen . One of these wou ld be the release of 
lysosomal a-glucosidase by ultraviolet li ght. It has 
Pre-
0 
Post-
0 
1 
2 
4 
5 
7 
10 
19 
24 
TABLE IV 
GLYCOGEN SYNTHETASE ACT I VI TIES 
%or Pre-0 
Case I Case II case Ill Total 
1.53 I. 87 I. 45 100 
(0. 0401 w. 0331 w. !01 
I. 65 108 
(0. 0401 
1.50 98 
10.0351 
I. 69 llO 
10.0491 
I. 22 80 
w. 0391 
0. 699 37 
10.0321 
I. 24 66 
10. 11 21 
2. 15 115 
(Q.31li 
1. 95 134 
10.311 
2. 24 154 
10. 21! 
%orPre-0 
1- Form 
100 
100 
88 
122 
98 
97 
340 
942 
310 
210 
I I denotes I -Form 
Activities: nm or UDPG incorporated into glycogen per min .. 
per mg protein at 30' C. 
Glycogen synthetase activities were assayed by the 
methods described previously (3) in the absence and 
presence of G-6-P. Activities are expressed as nmole of 
UDPG incorporated in to glycogen per minute per mg of 
protein. ( ) denotes t he I form activities. The column 
at the far left is t he hours post irradiation. 
TABLE V 
GLU COSE INCORPORATION INTO GLYCOGEN 
Case I Case II Case Il l % of Pre-0 
Pre- 0. 025 0. 087 0. 035 100 0 
Post- 0. 027 108 0 
2 0. 033 132 
5 0. 028 32 
7 0. 028 32 
10 0. 074 85 
15 0. 023 66 
19 0. 054 154 
24 0.101 289 
Rate of incorporation: nm of glucose incorpo-
rated into glycogen per min . per 
mg protein at 37 °C. 
Glucose in corporation rates were measured as de-
scribed in the text The rates are expressed as nmole of 
glucose incorporated in to glycogen per minute per mg of 
protein at 37° C. The column at the far left is t he hours 
post. irradiati on. 
been known that UV light is a potent lysosomal 
membrane labeli zer in the skin (11) and in other 
tissues (12). Johnson and Daniels, Jr. reported 
that histochemically diffuse sta inable acid phos-
phatase increased after the UV light irradiation 
(11). They claimed that this increase in diffuse 
stain ing was due to the release of the enzyme 
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fro m lysosomes caused by the UV light irradia-
tion. One of t he lysosomal enzymes responsible 
for glycogen breakdown is a -glucosidase. If UV 
ligh t labilized the lysosomal membrane and a l-
lowed the release of inte rna l enzymes in to the 
cytoplas m, one should see an in crease in the cyto-
p las mic (soluble) portion of a-glucosidase activi-
ties. The resul ts are shown in Table VI. Although 
the total a-glucosidase activit ies remained rela-
tively unchanged, the cytoplasmic port ions desig-
nated as the 50,000 x g supernatants were in -
creased by 5 minutes after irradiation and re-
mained elevated ove r the fi rst 60 minutes (Table 
III). T his could explain the decrease in the gly-
cogen levels in t he early phase. 
Changes after 4 hours . T he most striking 
change observed after 4 hours was a t remendous 
increase in the I-form of t he glycogen synthetase. 
This increase started at about 7 hours after irra-
d iation, reached the highest pea k approx imately 
10 hours after the irradiation (see Figure and 
Table IV), and slowly decreased after this al-
though it still had not returned to base line levels 
by 24 hours. The increase of the I-for m may be 
explained by a shift from the D-form to the I-
form since the total synthetase activity did not 
show any significant increase unt il approximate ly 
10 hours post irradiation (Figure and Table IV). 
T his change in the percent I-for m could be due to 
the decreased glycogen conten t present during 
the first 4 hours . Lam er (13) has shown that t he 
glycogen synthetase D phosphatase which con-
verts the D form to the I form is very susceptible 
to inhibition by glycogen. A decrease in the gly-
cogen concent ration would therefore lead to a 
decreased inhibition of the phosphatase and an 
increased formation of the I-fo rm. We have shown 
the inhibi t ion of t he transformation from the D-
for m to the I-form by glycogen in the hu man epi-
dermis (4). 
T otal syn thetase activities bega n to increase 
after 10 hours (Figure and Table IV). T herefore a 
part of the increase in the I-form after 10 hours 
might be accoun ted for by the synthesis of new 
enzyme. Phosphorylase activities (Figure and 
TABLE V1 
o< ·G lucosidase Activi ti es foll owing U. v. Ligh t 1 rradiat ion 
50,()()() X g 50.()()() X 9 
Su pernatant Pell et 'r. Suoernatant 
TI ME nm l min / mg Protei n nm/ min l mg Protei n Activity of tota l 
Pre -irradiation l.J7 10.00 11. OS 
Post ·i rradiation 
0 min 1.23 10. 00 10.95 
5 min 1.44 U7 24. 37 
10 mi n 1.46 5. 26 21. 73 
15 min 1.45 7. 11 16. 94 
30 min 1.57 6. 58 19. 26 
45 min 1.57 5. 00 23.90 
IJJ min 1. 88 9. 74 16. 18 
a-glucosidase activit ies were assayed as described in 
the text. Activit ies are expressed as nmole of P-ni t ro-
phenol liberated per minute per mg protein at 37° C. 
Table II) rema ined lower than the pre- irrad iation 
levels up to 19 hours after irradiation and then 
rose at 24 hours. 
The glycogen conten t began to increase a few 
hours a fter t he increase of t he synthetase I-form 
(between 10- 15 hours post UV irradiat ion) , 
reached a peak at about 15 hours and re mained 
high up to 24 hours after irradiation (Figure and 
Table I). T he increase in t he glycogen conten t can 
certain ly be expla ined by the increase in the ac-
t ive fo rm of the synthesizing enzyme (glycogen 
synthetase). It should be pointed out in the 
Figure and Ta ble I t hat there was a small peak in 
the glycogen concentration approximately 5 hours 
after the irradiation . T his small peak of increased 
glycogen was a lso preceded by a small increase in 
the glycogen synthetase percent I form (at 2 hours 
post irradiation). Because of the size of those in -
creases, we a re not certain that they are of signifi-
cance but this is ap proximately the t ime for basa l 
cell glycogen accumulation as shown by our histo-
chemical sections (reference 2 and Table VIII) 
and by other investigators in the human ep i-
dermis (1). 
In terestingly enough, there was an a lmost in -
ve rse relationshi p between the glycogen concen-
t rations and the rate of glucose incorporation in to 
the glycogen (Figure). T his picture is very simila r 
to Adachi 's finding after X- ray irrad iation of dog 
skin (14). This feed bac k cont rol of new glycogen 
formation, i.e. when tissue glycogen level becomes 
high it shuts off its own synthes is by keeping the 
synthetic enzyme in t he less active form, is qui te 
obvious here. T here is a possib il ity that the true 
synthesis rate was not measured since the break-
down of t he newly formed glycogen was not ta ken 
into account in the incorporation studies but we 
assume that t his breakdown rate was rather con-
stant since phosphorylase levels were not appreci-
ably changed. 
TABLE VII 
LABELING OF GLYCOGEN 
Incubat i on Oi orhem i ca l l abe l ed 
~ Gl~cogen ~ % Labeled 
~lin. ug/mg Tissue ug/mg Ti ssue 
25 ' 10' 2 0.44 ' 10'3 0 . 2 
30 13 ' 10- 2 0.60 ' 10- 2 4 .6 
BO 7 ' 10- 2 0 .89 ' 1o' 2 12 .7 
100 5 ' 10' 2 0 . 85. ' 10- 2 17 .0 
120 5 ' 10- 2 1. 29 ' 10- 2 25 .8 
150 1. 9 ' 10- 2 1. 28 X 10- 2 67 .4 
180 2. 2 X 10- 2 2.1 3 ' 10- 2 96 .8 
Biochemical glycogen was measured as in the case of 
Table I. Labeled glycogen was prec ipitated onto the 
fil ter papers by 66% a lcohol and excess non-i ncorpo-
rated C" glucose was washed off at the same t ime. Ra-
d ioactivit ies were coun ted as in the case of glycogen 
synthetase activit ies (3). 
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Time Post 
Irradia t ion 
Pre- 0 
Post-0 
1 hr· , 
2 hr. 
3 hr. 
4 hr , 
5 hr. 
9 hr. 
10 hr. 
14 . 5 hr . 
16 . 5 he. 
19 . 5 hr . 
23 . 5 he. 
TABLE VIII 
HISTOC HEI-IICAL GLYCOGE N 
Basal 
~ r~a l p i 9 hi u n Ce ll s 
- ' + 
++ 
+++ 
Histochemical (PAS staining) demonstration of gly-
cogen contents following UV irrad iat ion. + + +, denotes 
intense; + +, moderate ; +, slight and -, not detectable. 
One other problem which conce rned us in t he 
studies of t he rate of incorporation of radioactive 
glucose into glycogen was the poss ibility t hat t he 
newly formed glycogen was not being uniformly 
labeled by t he radioactive glucose. This prob lem 
ha d been mentioned by Adachi (14) and t he pos-
sibili ty t hat t he new glucoses which were being 
ad ded to t he glycogen molecules were more sus-
ceptible to phosphorylase removal t han t he re-
maining glycogen was of concern. U nder ordina ry 
in cubation procedures, lon g time periods were 
necessary to get s ignifi can t labeling of t he tota l 
glycogen pool so an incubator system containing 
hi gh phosphate was used to give a more rap id 
breakdown of glycogen within the t issue. The 
procedure was as follows: 
Keratome s li ces were incubated with media 
containing 1 part m edia 199 and 2 parts 0.1 M 
p hosphate, pH 7.4 buffer a nd radioactive glucose. 
The sli ces were collected at various t ime intervals 
a nd rad ioactive and biochemical glycogens were 
assayed. The results a re sh own in Table 7. At the 
end of 90 minutes incubation at 37° C, t issue gly-
cogen concentrations were extremely lowered and 
t here seemed to be a 100% labelin g with C 1 '1 glu -
cose. Therefore it was like ly t hat the glycogen was 
uniformly labeled with C 1 '1 glucose during the 
in cubation periods . 
We are not quite certa in what t he biological 
signifi ca n ce of glycogen accumulation in the epi-
derma l cells fo llowing UV li ght irrad iat ion is. It 
can simply be a seri a l purposeless response of the 
epidermal ce ll s to t he cha n ges induced by a bio-
physical effect of UV light on t he lysosomal 
membrane or it may have biological significance 
of which we are not yet aware. 
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